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This study was aiming to estimate direct and correlated response on litter size traits 19 
and peri- and postnatal survival traits in the OR_LS rabbit line selected first only for 20 
ovulation rate (first period) and then for ovulation rate and litter size using 21 
independent culling levels (second period). Farmer profit depends on the number of 22 
slaughter rabbits and it is important to asses the effect of selection on litter size and 23 
survival rate from birth to slaughter. 24 
The studied traits were ovulation rate (OR), litter size (LS) measured as number of 25 
total born, number of kits born alive (NBA) and dead (NBD), and number of kits at 26 
weaning (NW) and young rabbits at slaughter (NS). Prenatal survival (LS/OR) and 27 
survival at birth (NBA/LS), at weaning (NW/NBA) and at slaughter (NS/NW) were 28 
also studied. Data were analysed using Bayesian inference methods. Heritability for 29 
litter size traits were low, 0.07 for NBA, NW and NS. Survival traits had low values of 30 
heritability 0.07, 0.03 and 0.03 for NBA/LS, NW/NBA and NS/NW, respectively. After 31 
six generations of selection by ovulation rate (first period), a small increase in NBD 32 
and a slight decrease in NBA/LS were found. However, no correlated responses on 33 
NW/NBA and NS/NW were observed. After 11 generations of two-stage selection for 34 
ovulation rate and litter size (second period), correlated responses on NBA, NW and 35 
NS were 0.12, 0.12 and 0.11 kits per generation respectively, whereas no substantial 36 
modifications on NBA/LS, NW/NBA and NS/NW were found. Two stage selection 37 
improve the number of young rabbits at slaughter without modifying survival from 38 
birth to slaughter. 39 
Keywords: kits dead, prenatal survival, perinatal survival, pre-weaning survival, 40 





Two-stage selection by ovulation rate and litter size could be a way to improve the 44 
number of commercial young rabbits more effectively than direct selection. This 45 
enhancement was due to an increase in prenatal survival and no changes in peri- 46 
and postnatal survivals in rabbits. These results could be explained by an 47 
improvement of uterine capacity. 48 
 49 
Introduction 50 
In rabbits, indirect selection for either uterine capacity or ovulation rate for increasing 51 
litter size has not been more effective than direct selection (Santacreu et al., 2005; 52 
Laborda et al., 2012). However, a higher response in litter size was found in a two-53 
stage rabbit selection by ovulation rate and litter size (Ziadi et al., 2013), in 54 
agreement with previous results in pigs (Ruiz-Flores and Johnson, 2001). These 55 
results are in accordance with the theory developed by Bennet and Leymaster 56 
(1989), which predicted that selecting both traits is more effective than selecting each 57 
of them separately. 58 
 59 
In a two-stage selection experiment performed in pigs (Ruiz-Flores and Johnson, 60 
2001), an increase in number of stillborn was found in a line previously selected by 61 
an index of ovulation rate and embryonic survival. In pigs, unfavourable genetic 62 
relationships between litter size and perinatal and preweaning survivals were found 63 
(Lund et al., 2002; Rosendo et al., 2007; Su et al., 2007; Putz et al., 2015), thus the 64 
improvement of litter size has usually led to a decrease in these survivals. In rabbits, 65 
this adverse genetic relationship has not been investigated, but it is known that high 66 
ovulation rate increases uterine overcrowding and therefore competition among 67 
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foetuses (Laborda et al., 2011, 2012). A reduction in the development of fetuses and 68 
their placentas was observed in rabbits when the number of implanted embryos 69 
increased (Argente et al., 2006), which may affect perinatal and preweaning 70 
survivals. 71 
 72 
The experiment of two-stage selection by ovulation rate and litter size in rabbits by 73 
Ziadi et al. (2013) did not estimated correlated responses for litter size traits and 74 
survival traits. This experiment has been continued four generations more, until 75 
generation 17. The aim of this work is to estimate direct and correlated responses on 76 
prenatal and postnatal survival and litter size traits in this line.  77 
 78 
Materials and methods 79 
Animals and experimental design 80 
All experimental procedures involving animals were approved by the Universitat 81 
Politècnica de València Research Ethics Committee. Animals involved in this 82 
experiment came from a synthetic line (line OR_LS). Line OR_LS underwent 17 83 
generations of selection. From base generation to generation six (first selection 84 
period), females were selected only for ovulation rate. From generation seven to 17 85 
(second selection period), a two-stage selection for ovulation rate and litter size was 86 
performed. More details of the experimental procedure can be found in Ziadi et al. 87 
(2013). 88 
Breeding & feeding managment 89 
The first mating of females was performed at 18 to 20 weeks of age, and then 11 to 90 
12 days after each parity. Females that did not accept males were mated again 91 
seven days afterwards. Pregnancy was checked approximately 12 days after mating 92 
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by abdominal palpation. Adult animals were housed at the farm of the Universitat 93 
Politècnica de València in individual cages (flat-deck) having extractable nest box 94 
with isolated plastic. Kits were housed in dam’s cages up to weaning (28 days of 95 
age) and then were placed in flat-deck cages during fattening, until 63 days of age 96 
(eight-nine rabbits per cage). Selected rabbits were placed in individual flat-deck 97 
cages from 9 to 18 weeks of age. During fattening, rabbits were fed ad libitum with a 98 
commercial diet (crude protein, 15.0 %; crude fiber, 16.8 %; crude fat, 2.4 %; ash, 7.3 99 
% as fed basis; NANTA, S.A.®, Valencia, Spain). From 63 days old, rabbits were fed 100 
with a commercial diet (crude protein, 16.5 %; crude fiber, 15.0 %; crude fat, 3.0 %; 101 
ash, 7.8 % as fed basis; NANTA, S.A.®). Animals were reared under a photoperiod of 102 
16-hours light: 8-hours dark and controlled temperature and ventilation. 103 
Traits measured 104 
1. Litter traits recorded in up to five parities 105 
a. Ovulation rate (OR): Estimated as the number of corpora lutea, it was measured 106 
by laparoscopy at day 12 of second gestation. A second measurement of OR was 107 
done postmortem in the last gestation. 108 
b. Litter size (LS): Measured as number of total born at parturition. 109 
c. Number of kits born alive (NBA): Number of kits born alive at parturition. 110 
d. Number of kits born dead (NBD): Number of kits born dead at parturition. 111 
e. Number of kits at weaning (NW): Number of kits at 28 days of age (weaning) per 112 
litter. 113 
f. Number of young rabbits at slaughter (NS): Number of young rabbits at 63 days of 114 
age (slaughter) per litter. 115 
2. Survival traits 116 
a. Prenatal survival (LS/OR): Survival from ovulation to birth. 117 
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b. Survival from ovulation to slaughter (NS/OR) (a & b estimated from second 118 
gestation). 119 
c. Perinatal survival (NBA/LS): Survival at birth. 120 
d. Survival at weaning (NW/NBA): Survival from birth to weaning. 121 
e. Survival at slaughter (NS/NW): Survival from weaning to slaughter. 122 
f. Survival from birth to slaughter (NS/LS) (c, d, e & f estimated in up to five parities).  123 
Data from 1210 laparoscopies and 4480 parities were analysed. Number of records 124 
for each trait is presented in Table 1 and were obtained from August of 2001 to 125 
January of 2014. The number of animals in the pedigree was 30 666.  126 
 127 
Statistical Analysis 128 
Data from 17 generations (six from the first selection period and 11 from the second 129 
one) were analysed using Bayesian inference methods. The model used to analyse 130 
the data for all traits, except for NBA/OR and NS/OR, was: 131 
yijkl = YSi + Lj + ak + pk + eijkl 132 
in which, yijkl is the record of the trait, YSi is the effect of year season (three months 133 
per each year season; 44 levels for OR and 49 levels for the other traits), Lj is the 134 
effect of lactation status at mating (four levels for OR; lactating primiparous, non-135 
lactating primiparous, lactating multiparous and non-lactating multiparous; five levels 136 
for the other traits; nulliparous status was also included), ak is the genetic additive 137 
value of the animal k, pk is the permanent environmental effect of the female k, and 138 
eijkl is the residual of the model. Number of kits born dead (NBD) was analysed as a 139 





The model used to analyse survival from ovulation to birth (NBA/OR) and survival 143 
from ovulation to slaughter (NS/OR) had no permanent environmental effect, since 144 
there was only data from the second gestation. For both traits, the effect of year 145 
season had 38 levels and the effect of lactation status at mating had two levels, 146 
lactating and non-lactating primiparous females. 147 
 148 
Heritabilities and correlations between OR and LS were estimated using a bivariate 149 
analysis. Heritabilities and correlations for the other traits were estimated using a 150 
trivariate analysis including the selection criteria (OR and LS) and one of the 151 
remaining traits. 152 
 153 
Random effects were considered independent between them. The joint prior 154 
distribution assumed for additive genetic effects was N(0,A Ga), where Ga was the 155 
genetic (co)variance matrix between the additive effects of the traits and A was the 156 
additive genetic relationship matrix. The joint prior distribution assumed for 157 
permanent effects was N(0,I Gp), where Gp was the (co)variance matrix between 158 
the permanent effects of the traits. The residual prior distribution for all traits was 159 
N(0,Iσ2e). Bounded uniform priors were used for all fixed effects and the (co)variance 160 
matrices. 161 
 162 
Gibbs sampling algorithm was used to estimate marginal posterior distributions of all 163 
unknowns. Data augmentation was done to obtain the same design matrices (Blasco, 164 
2017). The program TM (Legarra et al., 2008) was used for Gibbs sampling 165 
procedures. Markov chains of 3000000 iterations and a burn-in period of 750000 was 166 





every 100th iterations was saved. Monte Carlo standard errors were estimated and 168 
convergence was tested using the Z criterion of Geweke.  169 
 170 
We considered a heritability to be irrelevant when it was lower than 0.10. In the case 171 
of correlation, we considered to be an irrelevant value all correlations in absolute 172 
value lower than 0.30, since the percentage of the variance explained by the other 173 
trait (r2) is less than 10 %. The features of the marginal posterior distributions used 174 
were: mean, high posterior density interval at 95 % (HPD95%), probability of the mean 175 
being higher (or lower) than zero (P), probability of relevance (Pr, probability of being 176 
higher (or lower) than the assumed relevant value), probability of similitude (Ps, 177 
probability of being in absolute value lower than the assumed relevant value) and the 178 
guaranteed value (k) at 80 % (value k of the interval [k, 1] containing the 80 % of the 179 
probability). All these features are described in Blasco (2017). 180 
 181 
Results and discussion 182 
Income in meat rabbit depends on the number of rabbits arriving at slaughter 183 
(Cartuche et al., 2014). We know that two-stage selection for ovulation rate and litter 184 
size increase the number of total born (Ziadi et al., 2013) and it is important to asses 185 
the effect on litter size and survival rate from birth to slaughter. Means, standard 186 
deviations (SD) and coefficients of variation (CV) for litter size traits and survival 187 
rates are shown in Table 1. These values are in the range of those published in 188 
maternal rabbit lines by García and Baselga (2002a) and Laborda et al. (2012). For 189 
NBD, the coefficient of variation was extremely high because approximately 50 % of 190 
data are zero. Survival from ovulation until slaughter were less than fifty per cent of 191 
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the number of ova shed and the seventy five per cent of this loss occurs before birth. 192 
Postnatal survivals were high, close to 0.90. 193 
 194 
Similar genetic parameters and response to selection by generation were found for 195 
OR, LS and prenatal survival by Ziadi et al. (2013) analyzing the same experiment 196 
with four generations less.  197 
 198 
Heritability 199 
Features of the marginal posterior distributions of the heritability are shown in Table 200 
2. All Monte Carlo standard errors (MCse) were very small and lack of convergence 201 
was not detected by the Geweke test. Heritabilities were low and not relevant for NBA, 202 
NW and NS (0.07). These heritabilities for litter size from birth to slaughter were in 203 
agreement with other studies in rabbit maternal lines (García and Baselga, 2002a; 204 
Ragab and Baselga, 2011).  205 
 206 
According to our knowledge, there are no heritability estimations for NBD and 207 
postnatal survival traits in rabbits. The heritability for NBD, analyzed as threshold 208 
trait, was relevant (0.14), P0.10=0.92. In pigs, similar heritability was found by Arango 209 
et al. (2005) analyzing data from Large White sows using also a threshold model. 210 
However, Ruiz-Flores and Johnson (2001) found a higher heritability (0.29 ± 0.05) 211 
analyzing the number of stillborn as a linear trait. Heritabilities for postnatal survival 212 
traits were low and not relevant, ranging from 0.03 (NW/NBA) to 0.07 (NBA/LS). For 213 
survival from birth to weaning and from weaning to slaughter, heritabilities were close 214 
to zero. Regarding survival at birth, Lund et al. (2002) found the same heritability to 215 
our estimation in pigs, but slightly higher heritabilities were found by Damgaard et al. 216 
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(2003) and by Su et al. (2007), ranging from 0.10 to 0.13. In concordance to our 217 
results, Su et al. (2007) found that heritability of survival at birth was higher than 218 
survival after birth. When these authors evaluated survival at birth as a piglet trait, 219 
lower heritability was obtained (Su et al., 2007; Kapell et al., 2011). In general, 220 
heritabilities of litter size and peri- and postnatal survivals at different times were low, 221 
although for NBD, LS/OR and NS/OR were relevant. 222 
 223 
Permanent environmental effect 224 
Features of the marginal posterior distributions of the permanent environmental effect 225 
are also shown in Table 2. The permanent environmental effects on litter size traits 226 
and survival traits were of the same magnitude to the additive effects. Permanent 227 
effects for NBA, NW and NS were consistent with results obtained in rabbits, for 228 
example García and Baselga (2002a) and Ragab and Baselga (2011). To our 229 
knowledge, there is no information about permanent environmental effect of NBD 230 
analyzed with a threshold model in rabbits and pigs.  231 
 232 
Regarding peri- and postnatal survival traits, survival at birth showed the highest 233 
permanent effect (0.07), decreasing at weaning and slaughter. No literature was 234 
found in relation to permanent environmental effects of peri- and postnatal survival 235 
traits in rabbits. In pigs, in general, Su et al. (2007), Kapell et al. (2011) and Putz et 236 
al. (2015) obtained similar permanent effect for survival at birth and they observed 237 
that permanent effect decreased from birth to weaning. 238 
 239 
Correlations between litter size and other traits 240 
 
11 
Features of the marginal posterior distributions of the phenotypic and genetic 241 
correlations between litter size and other traits are shown in Table 3. We considered 242 
0.30 as a relevant value because for a correlation of 0.30, the percentage of the 243 
variance explained by the other trait (r2) is less than 10 %. Therefore, the probability 244 
of similitude was defined as the probability of correlation being in the interval [-0.30, 245 
0.30]. 246 
 247 
All HPD95% for genetic correlations between LS and other traits were large, except for 248 
NBA, NW and NS. Nevertheless, we can distinguish when a genetic correlation is 249 
null for practical purposes (high Ps), and when we do not have data enough to know 250 
whether the genetic correlation is null or not. The genetic correlation between LS and 251 
NBA was high and relevant, as expected. The guaranteed value (k) at 80 % of this 252 
genetic correlation was also very high, 0.85 (data not shown). High genetic 253 
correlations between LS with NW and with NS were also obtained. Positive and high 254 
values for these correlations were also found by García and Baselga (2002 a,b) in 255 
rabbits. These findings show that litter size from birth to slaughter is essentially 256 
determined by the same genes. Genetic correlation between LS and NBD was low, 257 
and we can say that it was null for practical purposes, since its probability of 258 
similitude was relatively high (0.83). In pigs, similar correlation between number of 259 
born alive and of stillborn was found by Arango et al. (2005). Besides, Ruiz-Flores 260 
and Johnson (2001) also found a low correlation (0.20) between total number of 261 
piglets born and number of stillborn pigs.  262 
 263 
No information about the genetic correlation between litter size and peri- and 264 
postnatal survivals was previously published in rabbits and little is known in pigs. In 265 
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our work, genetic correlations between LS and peri- and postnatal survivals were 266 
low, the HPD95% were large and the probability of similitude ranging from 0.63 to 267 
0.77. In pigs, all genetic correlations between number of total born and survival at 268 
birth were low and with low accuracy, from positive (Rosendo et al., 2007; Kapell et 269 
al., 2011) to negative values (Su et al., 2007; Kapell et al., 2011; Nielsen et al., 270 
2013). For survival from birth to weaning, we found a positive and low correlation with 271 
LS. Low to moderate negative correlations were found in pigs by Su et al. (2007), 272 
Rosendo et al. (2007) and Putz et al. (2015). 273 
 274 
Correlations between ovulation rate and other traits 275 
Features of the marginal posterior distributions of the phenotypic and genetic 276 
correlations between OR and other traits are shown in Table 4. These genetic 277 
correlations were estimated with low accuracy since it is difficult to have a large 278 
number of records of traits measured by laparoscopy. The genetic correlations for 279 
OR with NBA, NW and NS were irrelevant (Ps > 0.85); irrelevant correlation for OR 280 
with NBA was also found by Laborda et al. (2011). Low (positive and negative) 281 
genetic correlations between OR and litter size traits were found in pigs (Ruiz-Flores 282 
and Johnson, 2001; Johnson et al., 1999). On the other hand, a relevant positive 283 
genetic correlation between OR and NBD was observed (P0.30=0.97). Similar to our 284 
result, positive and moderate-high genetic correlations between ovulation rate and 285 
number of stillborn pigs were found by Johnson et al. (1999) and Ruiz-Flores and 286 
Johnson (2001).  287 
 288 
A low and negative genetic correlation between OR and survival at birth was found. 289 
This result agrees closely with the relevant and positive genetic correlation between 290 
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OR and NBD. Similar genetic correlation between ovulation rate and survival at birth 291 
was found by Rosendo et al. (2007) in pigs. Low genetic correlations with low 292 
accuracy were obtained for OR and survival at weaning and also at slaughter. 293 
Genetic correlation between OR and survival from ovulation to slaughter was 294 
moderate (-0.48) and relevant (P0.30= 0.90).  295 
 296 
Features of the estimated marginal posterior distributions of the phenotypic 297 
correlations of LS and OR with the other traits are also showed in Tables 3 and 4. 298 
Phenotypic correlations had the same size and sign as their relative genetic 299 
correlations.  300 
 301 
Response to selection 302 
Genetic trends for litter size and survival traits are shown in Figures 1 and 2, 303 
respectively. Correlated responses to selection were estimated at the end of both 304 
periods of selection as the difference between the average breeding values at the 305 
end and beginning of each period. Both periods of selection were distinguished in all 306 
figures. 307 
 308 
Selection only for ovulation rate 309 
Selection for ovulation rate improved 1.44 ova after six generations of selection, 310 
although it did not cause the expected enhancement in LS (0.07 kits per generation) 311 
due to a decrease in prenatal survival as Ziadi et al. (2013) observed. No correlated 312 
response was observed for NBA while at the same time a slight increase in NBD (-313 
0.04 kits per generation; Figure 1). At weaning, no correlated response was either 314 
observed whereas low correlated response on NS was found (0.04 young rabbits per 315 
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generation). Similar results on NBA and NW were observed in a rabbit selection 316 
experiment for ovulation rate (Laborda et al., 2011, 2012) and also in pigs 317 
(Cunningham et al., 1979; Rosendo et al., 2007).  318 
 319 
A slight decrease in survival at birth (NBA/LS; Figure 2) was observed due to an 320 
increase in NBD (Figure 1), whereas survival at weaning was not modified and 321 
survival at slaughter was slightly modified (Figure 2). Due to the negative correlated 322 
response on prenatal and perinatal survival, a decrease on NS/OR was observed. 323 
There is no information about postnatal survival traits in selection experiments for 324 
ovulation rate in rabbits. In pigs, no correlated responses in percentage of stillborn 325 
and of survival from birth to weaning were found after six generations of selection by 326 
ovulation rate by Rosendo et al. (2007).  327 
 328 
Selection by independent culling levels for ovulation rate and litter size 329 
As selection for ovulation rate did not increase litter size more than direct selection, a 330 
two-stage experiment selection for ovulation rate and litter size was proposed as 331 
another alternative way to improve litter size in rabbits (Ziadi et al., 2013). Response 332 
per generation for LS, OR and prenatal survival after 11 generations of two-stage 333 
selection was similar to previous results published by Ziadi et al. (2013) analyzing 334 
seven generations. Correlated response for NBA (0.12 kit per generation; Figure 1) 335 
was similar to direct response for LS, in agreement to the high genetic correlation 336 
between them and to the lack of response for NBD. The improvement estimated 337 
during the second period of selection was 0.12 kits and 0.11 young rabbits per 338 
generation for NW and NS, respectively. In pigs, a higher response on the number of 339 
pigs born alive was obtained in two lines underwent of two-stage selection on 340 
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ovulation rate and fully formed pigs at birth (0.21 and 0.24 piglets born alive; Ruiz-341 
Flores and Johnson, 2001). Besides, these authors obtained a correlated response 342 
on number of stillborn (0.11 ± 0.03 per generation) in the line with higher ovulation 343 
rate and no correlated response, as in our experiment, in the other selected line. 344 
Similar to our results, a positive correlated response on number of weaned in both 345 
lines of the two-stage selection experiment were obtained (0.09 and 0.16 weaned 346 
piglets). Besides, Lamberson et al. (1991) observed a similar direct response on 347 
number of piglets at birth (0.13 piglets per generation) using a line selected for litter 348 
size during eight generations. This line had high ovulation rate due to previous 349 
selection for ovulation rate. 350 
 351 
Different correlated responses on prenatal and perinatal survival were observed in 352 
the second period of selection compared to the first one. Prenatal survival decreased 353 
until generation six and then increased around 1 % per generation (data not shown) 354 
in the two-stage selection period in agreement with the results found by Ziadi et al. 355 
(2013). Perinatal survival also decreased until generation six and no correlated 356 
response was observed in the second period (Figure 2). Two-stage selection did not 357 
modify survival at weaning and slaughter. Besides, no correlated response was also 358 
observed on NS/LS and NS/OR. After two-stage selection by OR and LS, an 359 
improvement in uterine capacity might have been achieved, which could account for 360 
the changes in NBD and in prenatal and perinatal survivals. Experiments of selection 361 
for uterine capacity highlight that increasing uterine capacity can modify several 362 
biological processes like an increase in the length of uterine horns (Argente et al., 363 
2006 in rabbits; Lents et al., 2014 in pigs), a higher placental efficiency (review in 364 
pigs by Foxcroft et al., 2009) or changes in protein level expression (e.g. 365 
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progesterone receptor, Peiró et al., 2010 in rabbits). Therefore, changes in the 366 
biological processes related to the uterine capacity improvement could explain the 367 
increase in prenatal survival and non-reduction of the peri- and postnatal survival 368 
found after two-stage selection by ovulation rate and litter size. 369 
 370 
In summary, selection for ovulation rate resulted in an improvement in ova shed but 371 
with a lower correlated response on number of kits at birth, weaning and slaughter. 372 
However, a slight negative correlated response on survival at birth was observed, 373 
whereas survivals at weaning and slaughter were not modified. Selection using 374 
independent culling levels for OR and LS resulted in an improvement not only of both 375 
traits but also the number of kits at birth, weaning and slaughter. Survival at birth was 376 
not reduced, possibly due to an improvement of uterine capacity. Besides, survival at 377 
weaning and slaughter were also unchanged. 378 
 379 
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Table 1. Descriptive analysis for ovulation rate (OR, ova), litter size (LS), number of kits born 459 
alive (NBA), number of kits born dead (NBD), number of kits at weaning (NW), number of 460 
rabbits at slaughter (NS), prenatal survival (LS/OR), survival at birth (NBA/LS), survival at 461 
weaning (NW/NBA), survival at slaughter (NS/NW), survival from birth to slaughter (NS/LS) 462 
and survival from ovulation rate to slaughter (NS/OR) in OR_LS line.  463 
Trait N Mean SD CV (%) Min. Max. 
OR 2013 16.04 2.63 16.4 8 26 
LS 4480 9.09 3.18 35.0 1 19 
NBA 4480 8.13 3.42 42.1 0 18 
NBD 4480 0.96 1.85 192.8 0 16 
NW 4474 7.10 3.23 45.5 0 16 
NS 4439 6.76 3.23 47.7 0 16 
LS/OR 1211 0.589 0.200 34.0 0.05 1.00 
NBA/LS 4480 0.886 0.221 25.0 0.00 1.00 
NW/NBA 4474 0.844 0.259 30.7 0.00 1.00 
NS/NW 4439 0.890 0.262 29.4 0.00 1.00 
NS/LS 4439 0.743 0.281 37.8 0.00 1.00 
NS/OR 1121 0.457 0.209 45.8 0.00 1.00 
N= Number of data, SD= Standard deviation, CV= Coefficient of variation, Min. = Minimum, 464 
Max. = Maximum.  465 
OR_LS line is rabbit line selected for ovulation rate at second gestation from generation 0 to 466 
6 and later for ovulation rate at second gestation and litter size of the first two parities from 467 
generation 7 to 17.  468 
 
21 
Table 2. Features of the marginal posterior distributions of the heritability (h2) and permanent 469 
effect (p) of ovulation rate (OR), litter size (LS), number of kits born alive (NBA), number of 470 
kits born dead (NBD), number of kits at weaning (NW), number of rabbits at slaughter (NS), 471 
prenatal survival (LS/OR), survival at birth (NBA/LS), survival at weaning (NW/NBA), survival 472 
at slaughter (NS/NW), survival from birth to slaughter (NS/LS) and survival from ovulation 473 
rate to slaughter (NS/OR) in OR_LS line. 474 
  h2   p 
Trait Mean HPD95% P0.10  Mean HPD95% 
OR 0.25 [0.17 , 0.33] 1.00  0.05 [0.01 , 0.11] 
LS 0.10 [0.05 , 0.14] 0.43  0.07 [0.03 , 0.10] 
NBA 0.07 [0.04 , 0.11] 0.08  0.09 [0.06 , 0.12] 
NBD 0.14 [0.08 , 0.21] 0.92  0.10 [0.05 , 0.16] 
NW 0.07 [0.04 , 0.12] 0.15  0.07 [0.04 , 0.10] 
NS 0.07 [0.04 , 0.11] 0.09  0.06 [0.03 , 0.09] 
LS/OR 0.14 [0.10 , 0.19] 0.98  - - 
NBA/LS 0.07 [0.03 , 0.10] 0.05  0.07 [0.04 , 0.11] 
NW/NBA 0.03 [0.01 , 0.06] 0.00  0.04 [0.01 , 0.06] 
NS/NW 0.03 [0.01 , 0.04] 0.00  0.02 [0.00 , 0.04] 
NS/LS 0.06 [0.03 , 0.10] 0.03  0.07 [0.04 , 0.10] 
NS/OR 0.17 [0.08 , 0.25] 0.91  - - 
HPD95%= High posterior density interval at 95 %; P0.10 = Probability of the heritability being 475 
higher than 0.10. 476 
OR_LS line is rabbit line selected for ovulation rate at second gestation from generation 0 to 477 
6 and later for ovulation rate at second gestation and litter size of the first two parities from 478 
generation 7 to 17.  479 
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Table 3. Features of the marginal posterior distributions of the genetic (rg) and phenotypic 480 
(rp) correlation between litter size (LS) and ovulation rate (OR), number of kits born alive 481 
(NBA), number of kits born dead (NBD), number of kits at weaning (NW), number of rabbits 482 
at slaughter (NS), prenatal survival (LS/OR), survival at birth (NBA/LS), survival at weaning 483 
(NW/NBA), survival at slaughter (NS/NW), survival from birth to slaughter (NS/LS) and 484 
survival from ovulation rate to slaughter (NS/OR) in OR_LS line. 485 
 rg    rp 
Trait Mean HPD95% P Ps P0.30  Mean HPD95% 
OR 0.37 [0.07 , 0.66] 0.99 0.32 0.68  0.20 [0.14 , 0.25] 
NBA 0.89 [0.80 , 0.96] 1.00 0.00 1.00  0.85 [0.84 , 0.86] 
NBD 0.01 [-0.39 , 0.41] 0.51 0.83 0.09  0.15 [0.11 , 0.19] 
NW 0.81 [0.64 , 0.97] 1.00 0.00 1.00  0.71 [0.69 , 0.72] 
NS 0.78 [0.62 , 0.93] 1.00 0.00 1.00  0.67 [0.65 , 0.69] 
LS/OR 0.81 [0.73 , 0.89] 1.00 0.00 1.00  0.89 [0.88 , 0.90] 
NBA/LS 0.12 [-0.30 , 0.58] 0.68 0.72 0.25  0.12 [0.09 , 0.16] 
NW/NBA 0.15 [-0.31 , 0.61] 0.75 0.67 0.29  0.05 [0.01 , 0.08] 
NS/NW 0.14 [-0.44 , 0.66] 0.71 0.63 0.30  0.16 [0.13 , 0.19] 
NS/LS 0.10 [-0.33 , 0.51] 0.67 0.77 0.19  0.01 [-0.03 , 0.04] 
NS/OR 0.41 [0.09 , 0.73] 0.99 0.32 0.68  0.58 [0.55 , 0.62] 
HPD95% = High posterior density interval at 95 %; P = Probability of the correlation being 486 
higher than zero; Ps= Probability of similitude; probability of the correlation being between -487 
0.30 and 0.30; P0.30= Probability of the correlation being higher than 0.30 when correlation is 488 
higher than zero or lower than -0.30 when correlation is lower than zero. 489 
OR_LS line is rabbit line selected for ovulation rate at second gestation from generation 0 to 490 
6 and later for ovulation rate at second gestation and litter size of the first two parities from 491 
generation 7 to 17.  492 
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Table 4. Features of the marginal posterior distributions of the genetic (rg) and phenotypic 493 
(rp) correlation between ovulation rate (OR) and number of kits born alive (NBA), number of 494 
kits born dead (NBD), number of kits at weaning (NW), number of rabbits at slaughter (NS), 495 
prenatal survival (LS/OR), survival at birth (NBA/LS), survival at weaning (NW/NBA), survival 496 
at slaughter (NS/NW), survival from birth to slaughter (NS/LS) and survival from ovulation 497 
rate to slaughter (NS/OR) in OR_LS line. 498 
 rg    rp 
Trait Mean HPD95% P Ps P0.30  Mean HPD95% 
NBA 0.12 [-0.18 , 0.43] 0.78 0.85 0.14  0.11 [0.06 , 0.17] 
NBD 0.55 [0.30 , 0.81] 1.00 0.03 0.97  0.18 [0.11 , 0.24] 
NW 0.02 [-0.31 , 0.35] 0.53 0.92 0.05  0.06 [0.00 , 0.12] 
NS 0.06 [-0.26 , 0.36] 0.64 0.93 0.06  0.06 [0.00 , 0.12] 
LS/OR -0.28 [-0.47 , -0.07] 0.99 0.58 0.42  -0.25 [-0.30 , -0.20] 
NBA/LS -0.34 [-0.69 , -0.01] 0.97 0.42 0.58  -0.08 [-0.15 , -0.02] 
NW/NBA -0.16 [-0.57 , 0.24] 0.78 0.74 0.25  -0.08 [-0.15 , -0.02] 
NS/NW 0.09 [-0.33 , 0.52] 0.67 0.79 0.17  -0.04 [-0.11 , 0.03] 
NS/LS -0.24 [-0.58 , 0.11] 0.92 0.62 0.38  -0.10 [-0.17 , -0.04] 
NS/OR -0.48 [-0.75 , -0.19] 0.99 0.10 0.90  -0.27 [-0.33 , -0.22] 
HPD95% = High posterior density interval at 95 %; P = Probability of the correlation being 499 
higher than zero; Ps= Probability of similitude; probability of the correlation being between -500 
0.30 and 0.30; P0.30= Probability of the correlation being higher than 0.30 when correlation is 501 
higher than zero or lower than -0.30 when correlation is lower than zero. 502 
OR_LS line is rabbit line selected for ovulation rate at second gestation from generation 0 to 503 
6 and later for ovulation rate at second gestation and litter size of the first two parities from 504 
generation 7 to 17. 505 




Figure 1. Genetic trends for number of kits born alive (NBA), number of kits born 508 
dead (NBD), number of kits at weaning (NW) and number of rabbits at slaughter (NS) 509 
of OR_LS line, initially selected for ovulation rate at second gestation from generation 510 
0 to 6 and later for ovulation rate at second gestation and litter size of the first two 511 
parities from generation 7 to 17. Values represent the mean of the estimated 512 




































Figure 2. Genetic trends for survival at birth (NBA/LS), survival at weaning 516 
(NW/NBA), survival at slaughter (NS/NW), survival from birth to slaughter (NS/LS) 517 
and survival from ovulation rate to slaughter (NS/OR) of OR_LS line, initially selected 518 
for ovulation rate at second gestation from generation 0 to 6 and later for ovulation 519 
rate at second gestation and litter size of the first two parities from generation 7 to 17. 520 
Values represent the mean of the estimated breeding value of the trait at the end of 521 
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